Introduction
Resistive switching properties in doped perovskite oxide films, such as Cr-doped SrZrO 3 [1] [2] , Cr-doped SrTiO 3 [3] , Nb-doped SrTiO 3 [4] , and V-doped SrZrO 3 [5] , have attracted wide attention due to their potential application for nonvolatile memory. However, the effect of dopant on the properties of the films is still unclear. In this study, we report the advantages of vanadium oxide doped into the sputter-deposited SrZrO 3 (SZO) memory films. The good stability and long retention time of the films are also demonstrated.
Experimental details
LaNiO 3 (LNO) bottom electrodes were deposited on the SiO 2 /Si substrates using the rf-magnetron sputter. Second, a pure SZO film and V-doped SZO films were deposited on the LNO by the sputter. Finally, Al top electrodes were grown by thermal evaporation to form MIM sandwich structure to perform the electrical measurements with Agilent 4155C. Fig. 1(a) shows the I-V curves of both pure SZO and 0.2%V-doped SZO films. Applying negative voltage on top electrode can switch the films to high current state (H-state) due to the formation of current paths. Then, the films are switched to low current state (L-state) corresponding to the defects trapping electrons while positive voltage is applied. The H-state currents of two films are almost the same. However, the L-state current of doped SZO film is much lower than the pure film because the doped film, which has more defects, can trap more electrons. Hence, vanadium oxide doped into the SZO film can decrease the L-state current, so the resistance ratio of two current states is increased from 20 to 1000 times at -1V. Fig. 1 (b) depicts the fitting curves of conduction mechanisms of 0.2%V-doped SZO film for both H-state and L-state. The H-state conforms to the Ohmic conduction, but the L-state is dominated by trapped-controlled Frenkel-Poole emission. Fig 2(a) indicates the results of the endurance test of 0.2%V-doped SZO film. While the number of voltage sweeping cycles (from H-state switched to L-state) increases, the L-state current slowly increases due to the capability of defects trapping electrons degrades, leading to a decrease in resistance ratio. Fig. 2(b) Fig. 3(b) shows the good endurance of 0.3%V-doped SZO. The resistance ratio keeps 1000 times after 100 voltage sweeping cycles are applied. Fig. 4 shows the I-V curve of 0.3%V-doped SZO measured at 150 o C, indicating that the L-state current significantly increases because the electrons are more difficult to be trapped at high temperature. However, the L-state current decreased to the value indicated in Fig. 3(a) when the measurement was returned to at room temperature. Fig. 5 shows the plot of the retention time of 0.3%V-doped SZO film, indicating that retention time longer than 10 6 s and resistance ratio larger than 1000 times can be obtained.
Results and discussion

Conclusions
In summary, the effects of vanadium oxide dopant on the properties of SZO memory films were investigated. The resistance ratio of two current states kept at least 1000 times for V-doped SZO film. The 0.3%V-doped SZO film shows high stability and long retention time, which is a good candidate for nonvolatile memory application. 
